We reviewed records of needlestick injuries and other potential bloodborne pathogens exposure incidents among police officers in a city department. We found 13 needlestick injuries and 37 additional exposure incidents across a 6-year period. Nine of 11 source persons tested for needlestick injuries were found to have hepatitis C. The city had a comprehensive bloodborne pathogens exposure control plan, but the police department had not yet adopted it. We recommended improvements to engineering, administrative, and personal protective equipment controls.
Highlights of this Evaluation
The Health Hazard Evaluation Program received a request from employer representatives at the risk management office in a city in Ohio. The request concerned needlestick injuries and other potential exposures to bloodborne pathogens among police officers in that city.
What We Did
• We reviewed the city's and police department's policies regarding bloodborne pathogens and exposures to blood or other potentially infectious materials.
• We reviewed the police department's needlestick injury and exposure incident reports from 2011-2016 and then analyzed the information in them.
What We Found
• The city's bloodborne pathogens exposure control plan was comprehensive, but the police department had not yet adopted the plan.
• Thirteen needlestick injuries were reported across a 6-year period in a force of about 1,000 officers.
• Nine of 11 source persons tested were found to have hepatitis C. None were found to have hepatitis B or HIV.
• Most needlestick injuries occurred during pat down searches of a suspect and during searches of a suspect's property or vehicle.
• Thirty-seven additional potential bloodborne pathogens exposure incidents were reported, involving mostly spitting incidents, human bites, and contact with blood other than from needlesticks.
What the Employer Can Do
• Adopt the city's comprehensive bloodborne pathogens exposure control plan.
Introduction
Police Department
At the time of the evaluation, the city's police department was the primary law enforcement agency for the city and provided police services to residents in five districts. The department had approximately 1,000 sworn officers and 125 civilian employees. Law enforcement operations were divided among three bureaus: patrol, investigations, and support. Historically, the department received 160,000-210,000 reactive calls for service a year, in which a 911 call is received and results in a call for service. Police officers assigned to the districts for uniform patrol activity worked on one of three fixed shifts. The first shift had starting times of 0600 and 0700 hours. The second shift had starting times of 1300, 1400, or 1500 hours, and the third shift had start times of 2200 or 2300 hours depending on the service demands of the individual district. The third shift was supplemented by a late-power shift with starting times of 1900 and 2100 hours.
Needlestick Injuries and Other Sources of Exposure to Bloodborne Pathogens
Police officers are at risk of bloodborne diseases through needlestick injuries and other exposure incidents because of the nature of their work [Lorentz et al. 2000; Pagane et al. 1996] . The bloodborne pathogens of most concern include hepatitis B virus, hepatitis C virus, and human immunodeficiency virus (HIV). More information on these pathogens can be found in Appendix A. No studies have addressed the risk of infection with these viruses among police officers.
In 1991, the Occupational Safety and Health Administration (OSHA) issued its bloodborne pathogens standard, requiring employers to maintain a written exposure control plan and to adopt engineering and work practice controls that would eliminate or minimize employee exposure from hazards associated with bloodborne pathogens [29 CFR 1910 [29 CFR .1030 . The standard was most recently revised in 2001. This revision added new requirements for employers, including additions to the exposure control plan and keeping a sharps injury log. It specifies in detail the engineering controls, such as safer medical devices, that must be used to reduce or eliminate worker exposure [29 CFR 1910 [29 CFR .1030 . These measures are required for private industry employees and only for public employees in states operating OSHA-approved state plans. Ohio does not operate a state OSHA plan; therefore, the police department is not required to implement these requirements. However, we recommend voluntary compliance to improve the health and safety of police officers.
Methods
The objectives of our evaluation were to determine the incidence of needlestick injuries and other potential exposures to bloodborne pathogens among police officers from [2011] [2012] [2013] [2014] [2015] [2016] and to assess the controls in place to reduce the occurrence of these exposures.
Our evaluation included the following activities: (1) a review of the city's written bloodborne pathogens program and the police department's exposure protocol, and (2) an analysis of the department's needlestick injury and other bloodborne pathogens exposure incidents reports.
Review of Department's Written Policies and Procedures
We reviewed (1) the city's bloodborne pathogens exposure control plan, (2) the police department's exposure protocol, which is part of the police department procedure manual, and (3) the police department's investigation of employee injury form. This is a general form for any type of injury affecting an officer including needlestick injuries and other exposure incidents. We looked to see if these written documents met the requirements set forth by the OSHA bloodborne pathogens standard [29 CFR 1910 [29 CFR .1030 ].
Analysis of the Department's Needlestick Injury and Exposure Incident Reports
We obtained an electronic spreadsheet containing data from reports on all needlestick injuries and other potential bloodborne pathogens exposure incidents from January 1, 2011, through December 31, 2016. These reports were extracted by the representative from the city's risk management office from the city's human resource information system, the centralized database maintained by the city's employee safety department. Using the information in the spreadsheet given to us, we characterized the circumstances surrounding the reported injuries and exposures. We calculated the annual incidence of needlestick injuries using two methods: (1) by dividing the total number of needlestick injuries reported during a given year by the total number of police officers employed by the city during that same year, and (2) by dividing the total number of needlestick injuries reported during a given year by the total number of reactive calls for service during that same year. We ran a Poisson regression model to determine the trend in the annual incidence over time using SAS 9.4. We considered a P value < 0.05 to indicate statistical significance.
and contained all of the elements in the OSHA bloodborne pathogens standard [29 CFR 1910 [29 CFR .1030 . These elements include an exposure determination, methods of compliance, hepatitis B vaccination, postexposure evaluation and follow-up, communication of hazards to employees, and recordkeeping. The city's control plan states that hepatitis B vaccination is made available at no cost to an employee within 10 days of being assigned to a position with reasonably anticipated occupational exposure to blood or other potentially infectious materials. Employees who decline hepatitis B vaccination must sign a waiver. At the time of our evaluation, the police department
had not yet adopted the city's bloodborne pathogens exposure control plan.
According to the police department procedure manual, all new police officers are given a 2-hour training session on bloodborne pathogens during academy training. However, subsequent annual training is reportedly not offered for officers. Nitrile gloves are reportedly available in the district offices to police officers for their use, but officers are not officially issued a supply.
According to the police department's exposure protocol, which is part of the police department procedure manual, affected employees are instructed to immediately report the incident to a supervisor and then to the employee health service office. The supervisor then makes a determination, with assistance from the bloodborne pathogen injury telephone line at the designated medical center, if an occupational exposure has occurred. If such an exposure is determined, the affected officer and source person are sent to the medical center for testing.
At the time of our evaluation, the police department's exposure protocol was electronically accessible to all officers through the department's intranet. Paper copies were reportedly available in each of the district offices.
The police department's investigation of employee injury form encompasses all potential types of injuries and exposure incidents affecting officers. It is not specific for needlestick injuries. However, the form does have a field for the address of occurrence and an explanation of how the incident occurred, which is consistent with the OSHA bloodborne pathogens standard [29 CFR 1910 [29 CFR .1030 ]. It does not have a specific field for the type and brand of device involved in the incident, but this information is collected under the category of needlestick details.
At the time of our evaluation, the police department used containers made of heavy-duty fiberboard with a metal screw-on lid ( Figure 1 ). The containers were used to temporarily store needles or other sharps collected in the field. According to the OSHA bloodborne pathogens standard, sharps containers shall be puncture resistant, labeled or color-coded in accordance with the standard, and leakproof on the sides and bottom [29 CFR 1910 [29 CFR .1030 . The containers used by the police department do not meet these criteria. 
Analysis of the Department's Needlestick Injury Reports
A total of 13 needlestick injuries were recorded in the department's database from January 1, 2011-December 31, 2016. The 13 needlestick injuries were experienced by 13 officers working in the criminal investigation section (n = 1) and all police districts except for District 2: District 1 (n = 5), District 3 (n = 4), District 4 (n = 1), District 5 (n = 2).
In total, 4 needlestick injuries occurred during first shift, 5 occurred during second shift, and 1 occurred during third shift. Two injuries occurred between 1400 and 1430, which could have been first or second shift. One injury did not have a time recorded. No seasonality pattern was detected as the 13 injuries occurred during 9 different months, all but May, July, and August.
Of the 13 needlestick injuries, 7 involved the hand, 5 involved a finger, and 1 involved the abdomen. The median age of the 13 officers sustaining needlestick injuries was 40 years (range: 28-50 years). The median length of service was 9 years (range: 5-24 years). Information about the brand of the needle and protective mechanisms of the device was unknown for 12 of the injuries. One injury involved a lancet needle used for checking blood glucose. Gloves were reportedly worn by officers in 7 of the incidents. Of these, latex gloves were reportedly used in 4 incidents, "rubber" gloves were used in 1 incident, and the type of gloves used was not recorded in 2 incidents. Gloves were reported not to be worn in 2 incidents, and it was unknown if officers were wearing gloves for 4 instances. Two injuries resulted from officers not immediately securing identified syringes. Explanations of how the injuries occurred are displayed in Table 1 . Of the 13 affected police officers, 12 had medical evaluation and treatment at a university medical center following the incident; the remaining officer was treated at the city's employee health service. The source person was also evaluated at the university medical center in 8 incidents and at the local jail in 2 instances. The source person's treatment facility was not listed for 3 incidents, and the source person results were not recorded for 2 of these incidents. It is unclear if these 2 source persons were evaluated at all. Nine (82%) of 11 source persons with test results were found to have hepatitis C. None of the 11 source persons with test results were found to have HIV or hepatitis B. We were unable to obtain test results for the injured police officers but were informed that none of the incidents led to transmission of hepatitis B, hepatitis C, or HIV.
The annual incidence of needlestick injuries ranged from 0-5.07 per 1,000 police officers and from 0-2.45 per 10,000 reactive calls for service (Table 2 and Figure 2 ). The year 2012 had the highest incidence at 5.07 needlestick injuries per 1,000 police officers and 2.45 needlestick injuries per 10,000 reactive calls for service. The year 2016 saw no needlestick injuries among police officers. We did not identify a significant trend in annual incidence of needlestick injuries per 1,000 police officers (P = 0.22) or per 10,000 reactive calls for service (P = 0.34). 
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Health Hazard Evaluation Report 2016-0121-3284 Thirty-seven additional exposure (non-needlestick) incidents were reported from January 1, 2011-December 31, 2016. Explanations of how the exposure incidents occurred are displayed in Table 3 . Based on the information in the database, only some of these incidents be classified as a true potential risk for exposure to bloodborne pathogens. These incidents include spit in the eyes or mouth, blood contact with non-intact skin, and blood contact with mucous membranes.
The 37 exposure incidents occurred in all five police districts and the central business district as follows: District 1 (n = 9), District 2 (n = 3), District 3 (n = 10), District 4 (n = 7), District 5 (n = 7), central business district (n = 1). In total, 2 incidents occurred during first shift, 9 incidents occurred during second shift, and 14 incidents occurred during third shift. Six incidents occurred between 1300 and 1430 hours, which could have been first or second shift. Four incidents occurred between 2000 and 2100 hours, which could have been second or third shift. One incident occurred between 0600 and 0700 hours, which could have been third or first shifts. One incident was missing the time. No seasonality pattern was detected as the 37 exposure incidents occurred during all 12 months. The median age of the 31 officers reported to have exposure incidents was 37 years (range: 24-52 years). The median length of service was 10 years (range: 1 year-25 years).
Of the 37 police officers with reported exposure incidents, 26 had medical evaluation and treatment at a university medical center or the city's employee health service, seven did not undergo treatment, and four had an unknown status. The source person was also evaluated at a local hospital in 19 incidents and at the local jail in 3 incidents. The evaluation location was not listed for 8 incidents, but five of these source persons had a "verbal" report of test results back to the city's employee health service. Seven source persons did not receive any medical evaluation or treatment.
In six incidents, neither the source person nor the police officer underwent medical evaluation. Based on the information provided in the report, five of these incidents would generally not be classified as at risk of exposure to bloodborne pathogens. Three incidents involved spitting incidents, one bite that did not break the skin, and one involved unprotected mouth-to-mouth resuscitation during cardiopulmonary resuscitation. Saliva is not typically categorized as a potentially infectious material unless it contains visible blood or is from a dental procedure [29 CFR 1910 [29 CFR .1030 .
Of the 22 source persons who had blood drawn in a followup evaluation, four (18%) were found to have hepatitis C infection, two (9%) were found to have HIV infection, and one (5%) was found to have both HIV and hepatitis C infections. Results were reported as negative for 15 source persons. No source persons were found to have hepatitis B. We were also unable to obtain test results for the police officers involved but were informed that none of the incidents led to transmission of hepatitis B, hepatitis C, or HIV.
Discussion
We found 13 needlestick injuries and 37 other potential bloodborne pathogens exposure incidents among police officers in this police department. Few studies have focused on needlestick injuries and other potential bloodborne pathogens exposures among law enforcement personnel, and the differences in definitions across the studies make comparisons Spit in the face † 6
Human bite † ‡ 6
Blood contact with non-intact skin § 5
Blood contact with mucous membrane § 1
Blood contact with skin (unknown if intact) † 7
Other † ¶ 4 *One incident involved a blood exposure and spitting on the face. †There is insufficient information to determine if these incidents would be considered at risk for exposure to bloodborne pathogens. ‡Three bites were reported to have broken the officer's skin, one reportedly did not break skin, and two incidents did not report breakage of skin. §These types of exposures would generally be considered at risk for exposure to bloodborne pathogens. ¶Other exposure incidents include cough into the face, abrasion, puncture wound from dental retainer, and unprotected mouth-to-mouth resuscitation during cardiopulmonary resuscitation.
difficult. However, the annual incidence of needlestick injuries we found (0-5.07 per 1,000 police officers) appears to be similar to those in other studies. A retrospective study of police and corrections officers presenting to emergency departments in Rhode Island found an average annual incidence of 0.78 percutaneous or blood to mucous membrane exposures per 1,000 police and corrections personnel [Merchant et al. 2008] . Another study looking at surveillance records from the New York City police department found the rate of needlesticks to be 4.8 needlestick injuries per 10,000 police officers (or 0.48 needlestick injuries per 1,000 police officers) per year. The authors found that younger age (20-29 years) and having 4-10 years of service were associated with a higher risk of transcutaneous exposures (needlestick injuries and human bites) [Pagane et al. 1996] . More recent survey studies in North Carolina and Baltimore, Maryland have documented that 3.8%-8% of police officers reported ever having a needlestick injury and a rate of 36-58 needlestick injuries per 10,000 officer-years (or 3.6-5.8 needlestick injuries per 1,000 officer-years) [Cepeda et al. 2017; Davis et al. 2014 ].
Sonder et al. identified 112 exposures with risk for viral transmission in Amsterdam, the Netherlands over a 4-year period. Of these, almost half were exposed through human bites; 10% were needlestick injuries [Sonder et al. 2005] . A review of case reports of blood and body fluid exposures by police officers in Scotland from August 2007-July 2008 found 105 incidents reported. Of these, the most common types were spits (27%), bites (26%), and splashes (23%).
Five needlestick injuries were reported [Dunleavy et al. 2010] . Similar to these studies, we found that most exposure incidents consisted of spitting incidents, human bites, and contact with blood other than from a needlestick (n = 33). As noted above, saliva is not typically categorized as a potentially infectious material unless it contains visible blood or is from a dental procedure [29 CFR 1910 [29 CFR .1030 . For human bites, clinical evaluation must include the possibility that both the person bitten and the person who inflicted the bite were exposed to bloodborne pathogens. Transmission of HIV by this route has been reported in rare instances, but not after an occupational exposure [Kuhar et al. 2013] .
Among the reported needlestick injuries at another metropolitan department, 42% of respondents reported that the incidents occurred during second shift or evening. The most common circumstances were pat down searches (36%), searches incident to arrest (25%), property searches (10%), and vehicle searches (10%) [Lorentz et al. 2000] . Our evaluation revealed 11 of 13 needlestick injuries occurred during either first or second shifts, while 27 of 31 other exposures occurred during either second or third shifts. The reasons for this difference are not known. In this police department, needlestick injuries most commonly occurred during pat down searches of a suspect and during searches of a suspect's property or vehicle, which is similar to previous findings [Lorentz et al. 2000] . These appear to be high risk activities because of their unpredictable nature. Regular training on safe searching techniques and safe handling of needles may further minimize risks of needlestick injuries. Police officers should not reach into any areas that they cannot see without first looking. Syringe service programs, such as the one started in the city in 2014, remove potentially contaminated syringes from the community and may reduce the risk of needlesticks to the public and first responders [Des Jarlais et al. 2015; Groseclose et al. 1995] .
Despite the relatively low number of needlestick injuries and other potential bloodborne pathogens exposures in this police department, it is important for the police department to have a bloodborne pathogens exposure control plan. In this evaluation, 82% of source persons for needlestick injuries with test results and 23% of source persons for other exposures with test results were found to have hepatitis C infection while 14% of source persons for other exposures with test results were found to have HIV infection. The police department had not yet adopted the city's comprehensive bloodborne pathogens exposure control plan, which contained all of the required elements of the OSHA bloodborne pathogens standard [29 CFR 1910 [29 CFR .1030 . Although the police department had an exposure protocol in its procedure manual, this protocol did not cover all the elements needed for a comprehensive bloodborne pathogens exposure control plan.
Our evaluation was subject to some limitations. First, the incidence of needlestick injuries and other exposure incidents reported here may be an underestimation of the actual incidence of these injuries among officers. Previous studies have shown that underreporting of needlestick injuries and exposure incidents in police officers occurs. Only 39% of police officers in San Diego, California reported seeking medical attention for needlestick injuries while 43% of police officers in Denver, Colorado stated they reported their exposure to blood or saliva [Hoffman et al. 1994; Lorentz et al. 2000] . Second, we did not have sufficient information to determine if multiple reported non-needlestick incidents would be considered at risk for exposure to bloodborne pathogens. Third, we were unable to obtain test results and other records for the affected police officers after the exposure incidents so we are unable to comment on whether or not police officers underwent the appropriate evaluation and testing. However, we were informed by representatives of the risk management office that none of the incidents led to transmission of hepatitis B, hepatitis C, or HIV.
Conclusions
Police officers in this department are at risk for needlestick injuries and other potential exposures to bloodborne pathogens. In our retrospective review of reports of exposure incidents, we found 13 needlestick injuries and 37 other potential bloodborne pathogens exposures over a 6-year period. Nine of 11 source persons with documented test results after a needlestick injury were found to have hepatitis C. Needlestick injuries most commonly occurred during pat-down searches of a suspect and during search of a suspect's property or vehicle. The annual incidence of needlestick injuries ranged from 0-5.07 per 1,000 police officers and from 0-2.45 per 10,000 reactive calls for service. Most exposure incidents consisted of spitting incidents, human bites, and contact with blood other than from a needlestick. The police department had not yet adopted the city's comprehensive bloodborne pathogens exposure control plan, which contained all of the required elements of the OSHA bloodborne pathogens standard.
Recommendations
On the basis of our findings, we recommend the actions listed below. We encourage the city and the police department to use a labor-management health and safety committee or working group to discuss our recommendations and develop an action plan. Those involved in the work can best set priorities and assess the feasibility of our recommendations for the specific situation at the police department.
Our recommendations are based on an approach known as the hierarchy of controls. This approach groups actions by their likely effectiveness in reducing or removing hazards. In most cases, the preferred approach is to eliminate hazardous materials or processes and install engineering controls to reduce exposure or shield employees. Until such controls are in place, or if they are not effective or feasible, administrative measures and personal protective equipment may be needed.
Engineering Controls
Engineering controls reduce employees' exposures by removing the hazard from the process or by placing a barrier between the hazard and the employee. Engineering controls protect employees effectively without placing primary responsibility of implementation on the employee.
1. Ensure that the containers used to temporarily store needles or other sharps collected as evidence in the field are puncture resistant, leakproof, and labeled or color-coded.
level of employee involvement and commitment. The right personal protective equipment must be chosen for each hazard. Supporting programs such as training, change-out schedules, and medical assessment may be needed. Personal protective equipment should not be the sole method for controlling hazardous exposures. Rather, personal protective equipment should be used until effective engineering and administrative controls are in place. [Bell 1997; Gerberding 1994; Ippolito et al. 1999] . Risk of exposure due to splashes with body fluids is thought to be near zero even if the fluids are overtly bloody. Fluid splashes to intact skin or mucous membranes are considered to be extremely low risk of HIV transmission, whether or not blood is involved [Centers for Disease Control and Prevention 2016b].
Hepatitis B
Hepatitis B is a contagious liver disease that results from infection with the hepatitis B virus. It can range in severity from a mild illness lasting a few weeks to a serious, lifelong illness. 
Hepatitis C
Hepatitis C is a contagious liver disease that results from infection with the hepatitis C virus. It can range in severity from a mild illness lasting a few weeks to a serious, lifelong illness. It more commonly causes chronic infection than hepatitis B. Hepatitis C virus is transmitted primarily through repeated percutaneous exposure to infectious blood such as through injection drug use; receipt of donated blood, blood products, or organs; needlestick injuries; and birth to a hepatitis C-infected mother. An estimated 2.7-3.9 million persons are chronically infected with hepatitis C [Armstrong et al. 2006 ; Centers for Disease Control and Prevention 2016c]. It was estimated that 30,500 acute hepatitis C cases occurred in 2014 [Centers for Disease Control and Prevention 2016c]. The average rate of hepatitis C transmission averages 1.8% for healthcare workers exposed to hepatitis C through a needlestick or percutaneous injury [Alter 1997; Centers for Disease Control and Prevention 1998 ]. 
Disclaimer
The recommendations in this report are made on the basis of the findings at the workplace evaluated and may not be applicable to other workplaces.
Mention of any company or product in this report does not constitute endorsement by NIOSH.
Citations to Web sites external to NIOSH do not constitute NIOSH endorsement of the sponsoring organizations or their programs or products. NIOSH is not responsible for the content of these Web sites. All Web addresses referenced in this document were accessible as of the publication date.
